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Arsenic,		
immunity	&		
(infec8ous)	disease	risk	



Arsenic	prevalence	

•  Modeled	global	probability	of	geogenic	arsenic	in	groundwater	under	reducing	and		
						high-pH/oxidizing	aquifer	condiFons	
•  US	EPA	&	WHO	drinking	water	standard	=	10	µg/L	.	

Eawag	modeled	from	Amini	M.,	et	al.	Environ	Sci	Technol.	2008.		Google	Images,	Wikimedia	Commons	



Arsenic	exposure	
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Industrial	&	agricultural	 Contaminated	crops	

Arsenic	

Coal	burning	

Nigel	Bruce/WHO	

Google	Images,	Wikimedia	Commons,	WHO	



Arsenic-related	adverse	health	effects	

Skin	lesions	
Cancer	(skin,	lung,	bladder	&	kidney)	
Cardiovascular	diseases	
Reproduc8ve	effects	
Diabetes	
Respiratory	diseases	

WHO,	Wikimedia	Commons	



Early-life	exposure	to	arsenic	in	Chile	
Arsenic	removal	
plant	installed	

New	
water		
source	

Ferreccio,	C.,	et	al.	Epidemiology	2000;	Smith,	A.,	et	al.	EHP	2006	;	Yuan,	Y.,	et	al.	Epidemiology	2010;	Steinmaus,	C.,	et	al.	
CEBP	2013	
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>	40	years	later	

Smith,	A.,	et	al.	EHP	2006	;		Yuan,	Y.,	et	al.	Am.J.Epi.	2007;	Yuan,	Y.,	et	al.	Epidemiology	2010;	Steinmaus,	C.,	et	al.		CEBP	2013	
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Early-life	exposure	to	arsenic	in	Chile	

Smith,	A.,	et	al.	EHP	2006	;		Yuan,	Y.,	et	al.	Am.J.Epi.	2007;	Yuan,	Y.,	et	al.	Epidemiology	2010;	Steinmaus,	C.,	et	al.		CEBP	2013	

Rare	evidence	supporFng	the	
“Developmental	Origins	of	
Health	and	Disease”	hypothesis.	
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Early-life	exposure	to	arsenic	in	Chile	

Smith,	A.,	et	al.	EHP	2006;	Smith,	A.	et	al.	Am.	J.	Epi.	2011	

Tuberculosis	mortality	

Chile	



Eawag	modeled	from	Amini	M.,	et	al.	Environ	Sci	Technol.	2008.		

Arsenic	prevalence	



Tuberculosis	incidence	
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General hypothesis: 
Exposure-induced	immune	developmental	changes	
contribute	to	the	persistent	global	burden	of	infecFous	
and	chronic	diseases.	
	
Study	models:	Arsenic	&	TB	

Google	Images,	Wikimedia	Commons	



Arsenic	&	macrophages	
Specific hypothesis: 
Early-life exposure to arsenic alters macrophage development & 
function causing increased disease later in life. 

Cytokines/chemokines Signaling lipids	

Macrophages	

TLR	

Nitric Oxide 

M1:	
Pro-inflammatory,	Bactericidal	
acFvity,	Tumor	suppression	

M2:	
Scavenging,	Tissue	repair,	
Angiogenesis,	Tumor	promoFon	

Arsenic	

?	

Wikimedia	Commons	



How	does	arsenic	alter	macrophages?	

Macrophages	

Arsenic-treated	
macrophages	

Mouse	bone	
marrow	

Metabolite	analysis	Homeostasis	
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Arsenic	alters	signaling	lipids	expression	

Macrophages	

Arsenic-treated	
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Metabolite	analysis	

Mouse	bone	
marrow	

Homeostasis	

Sillé	et	al,	unpublished	



Pro-inflammatory	and	pro-tumorigenic	signaling	lipids		

Arsenic	alters	signaling	lipids	expression	
Homeostasis	

Sillé	et	al,	unpublished	



How	does	arsenic	alter	macrophages?	
Signaling	protein	analysis	

Macrophages	

Arsenic-treated	
macrophages	

Homeostasis	

Mouse	bone	
marrow	
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Sillé	et	al,	unpublished	
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Does	arsenic	alter	macrophage	ac8va8on?	

Macrophages	

Arsenic-treated	
macrophages	

TLR2	
acFvaFon:	
PamCys3	



Arsenic	alters	cytokine/chemokine	expression		
in	ac8vated	macrophages	

Macrophages	

Arsenic-treated	
macrophages	

TLR2	
acFvaFon:	
PamCys3	

Sillé	et	al,	unpublished	



Arsenic	alters	nitric	oxide	produc8on		
in	ac8vated	macrophages	

Macrophages	

Arsenic-treated	
macrophages	
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PamCys3	

Sillé	et	al,	unpublished	



Arsenic	&	macrophages	

Monocytes	/	resFng	macrophages	

Arsenic	

TLRs	 TLRs	 M2	M1	

M1:	
Pro-inflammatory	
Bactericidal	acFvity	
Tumor	suppression	
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Scavenging 		
Tissue	repair	
Angiogenesis	
Tumor	promoFon	

`	

TLRs	

iNOS	

Adapted	from:	Bosurgi,	L.,	et	al.	Front.	Immunol.	2011	

VGEFs	
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Arsenic-targeted	pathways	that	favor	tumor	
progression	

Stefano Fogli, et al. (2008) The molecular bases of cannabinoid action in cancer. Cancer Therapy Vol 6, 103-116, 2008.  



Arsenic-targeted	pathways	relevant	to	TB	

Kanehisa M, et al. (2000) Kegg: Kyoto encyclopedia of genes and genomes. Nucleic acids research. (28):27-30. PMCID: 102409. 

NOD-like	receptor	
signaling	pathway	

TOLL-like	receptor	
signaling	pathway	

PPAR	signaling	
pathway	



Does	arsenic	alter	tuberculosis	outcome?	

Macrophages	

Arsenic-treated	
macrophages	 Mycobacterium	

tuberculosis	

Mouse	bone	
marrow	
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Arsenic	during	differen8a8on	alters	M.	
tuberculosis	infec8ons	

Macrophages	

Arsenic-treated	
macrophages	 Mycobacterium	

tuberculosis	

Mouse	bone	
marrow	

6hrs	MMA3	+	24hrs	M.	tuberculosis	

Sillé	et	al,	unpublished	



Arsenic	alters	innate	immunity	&	disease	risk	

Macrophages	

Arsenic	

M1:	
Pro-inflammatory	
Bactericidal	acFvity	
Tumor	suppression	

M2:	
Scavenging 		
Tissue	repair	
Angiogenesis	
Tumor	promo4on	

TB	suscep8bility	
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Next	steps:	

Arsenic-treated	
macrophages	

In	vitro	 In	vivo	
Early-life	arsenic-
exposed	mouse	

studies	

Ex	vivo	
Early-life	arsenic	
exposed	human	
popula8on	study	

Differen8a8on	

Aim	1	 Aim	2	 Aim	3	
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IdenFfy	biomarkers	and	maybe	even	therapeuFc	
targets!	

Understand	the	long-term	effects	of	early-life	exposure	

Test	immune	funcFon	during	disease		

Screen	for	signaling	molecules	&	metabolites	

Next	steps:	
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